In patchy environments, foragers adopt different strategies to acquire resources depending on their internal state and external physical and social environment: this has important fitness consequences. Linking individual variation in patch use to tangible characteristics is key to understand many higher-level ecological processes. We studied patch use by red foxes (Vulpes vulpes) in the city of Bristol, UK. We placed camera traps in gardens where householders provisioned foxes (patches) to investigate whether 1) foxes discriminated between patches based on food availability, quantified as provisioning frequency (predictability) and the energy value of provisioned food; and 2) individual patch use varied with dominance, gender, and season. Increased frequency of provisioning encouraged more foxes to visit and to stay longer in patches. All foxes visited the most predictable patches first each day, but females were more selective and generally more efficient foragers than males. Females increased foraging effort during cub rearing, whereas males reduced patch use in the dispersal and mating season. Dominants and subordinates shared patches spatiotemporally, possibly facilitated by relatedness and familiarity between group members. However, dominants visited more food patches on their territory, spent more time in predictable patches and fed earlier than subordinates. Subordinates may compensate for competition by visiting patches of lower quality or outside their territory, which is inefficient and risky. Our results demonstrate gender differences in behavioral motivation, show how subordinates forego foraging efficiency to mitigate intra-group competition and reveal how human provisioning influences fox space use in urban areas.
INTRODUCTION
Food resources are clustered into discrete patches of variable quality (Wiens 1976) . To forage efficiently, animals generally select patches that offer maximum energy intake for minimal energy expenditure (Charnov 1976; Sims and Quayle 1998; Wei et al. 2015; Mahenya et al. 2016; Seidel and Boyce 2016) . However, individuals are likely to adopt different foraging strategies depending on their internal state and external physical and social environment (Pettorelli et al. 2011) . Relatively few empirical studies have examined how attributes such as social status, gender, and season might explain individual variation in foraging behavior within social groups (Marshall et al. 2012) . Understanding how animals respond to their environment is a central issue in behavioral ecology (Davies et al. 2012) and modeling individual behavior is key to understanding population-level ecological processes (Evans 2012) .
Within social groups, individual foraging strategies are influenced by competition. Many mammalian societies exhibit dominance hierarchies (Christian 1970 ) that help reduce aggression among competitors (Alexander 1974; Drews 1993; Clutton-Brock and Huchard 2013) . Dominant individuals use their higher competitive ability to monopolize resources, so generally have priority access to food (Baker et al. 1981; Bosè et al. 2012; Duriez et al. 2012; Takanishi et al. 2015 ) and higher feeding rates (Thouless 1990; Stahl and Kaumanns 2003; Bijleveld et al. 2012; Ceacero et al. 2012; Wright et al. 2014) , especially where resources are patchy (Stahl and Kaumanns 2003; Vahl et al. 2005 ). This increases their foraging efficiency (Murray et al. 2006; Gilbert-Norton et al. 2013 ) and hence fitness (reviewed by Ellis 1995) . Subordinates adopt various foraging strategies to compensate for contest competition, including being less cautious (Sih et al. 2015) , increasing exploration to discover new patches (Stahl et al. 2001; Akbaripasand et al. 2014) , targeting lower quality patches , spending more time foraging (Stahl et al. 2001; Murray et al. 2006) , and dietary diversification (Murray et al. 2006) or specialization (Newsome et al. 2015a ).
Foraging is influenced by season and the associated energetic requirements, especially during reproduction when gender differences arise. Female mammals forage at higher rates when rearing young (Saunders et al. 1993; Cripps et al. 2011) to offset the energetic costs of lactation (Gittleman and Thompson 1988) . Conversely, male mammals typically invest in fitness and reduce foraging effort in the mating season in favor of fighting, displaying and/or mate guarding, often leading to loss of condition (Mitchell et al. 1976; Alberts et al. 1996; Forsyth et al. 2005; Georgiev et al. 2014 ; but see Girard-Buttoz et al. 2014) .
To date, most carnivore foraging studies have been based on diet (e.g. Saunders et al. 1993; Newsome et al. 2015a; Newsome et al. 2016) or circadian activity, which tends to coincide with prey activity (e.g. Linkie and Ridout 2011; Monterroso et al. 2013; Díaz-Ruiz et al. 2016) . Little is known about how carnivores use patches, probably because habitats containing free-living prey are difficult to segment into discrete, spatiotemporally stable patches where food availability and exploitation can be measured. However, human provisioning as a conservation tool (Yarnell et al. 2015) , leisure activity (Baker et al. 2004a) or inadvertently (Gilchrist and Otali 2002; Bino et al. 2010; Karlsson and Johansson 2010; Paul et al. 2015; Yirga et al. 2015) , creates stable, predictable food patches that are readily exploited by opportunistic carnivores (Newsome et al. 2015b) and facilitate patch use studies.
The red fox (Vulpes vulpes) is a contentious carnivore of global economic and ecological importance as a predator, competitor, and disease vector Soulsbury et al. 2007; Saunders et al. 2010; Nouvellet et al. 2013) , and one of the world's most invasive species (Lowe et al. 2000) . Foxes thrive in urban areas, where population densities are higher than rural areas (Harris and Rayner 1986; Šálek et al. 2015) , and food of human origin forms much of their diet (Harris 1981a; Saunders et al. 1993; Contesse et al. 2004; Savory et al. 2014; Šálek et al. 2015) . Although solitary foragers, foxes form mixed-sex social groups of increasing size as population density rises (Baker and Harris 2004; Iossa et al. 2008 ). These comprise a dominant pair and one or more subordinate adults/subadults that are often related (Baker et al. 1998; Iossa et al. 2008) . The accessibility of urban foxes, their exploitation of provisioned food and flexible social structure makes them ideal for answering questions about patch use both as individuals and competing members of social groups.
Our aim was to quantify the effects of patch quality (food availability), individual attributes, and season/life history patterns on patch utilization in an urban fox population. Specifically, we investigated whether 1) foxes target high-quality patches, 2) dominants have better access to food, 3) patch use is related to season, and 4) foraging tactics vary with gender. Because dominant foxes weigh more, live longer and have greater reproductive success than subordinates (Baker et al. 1998 (Baker et al. , 2004b Iossa et al. 2008) , we expected them to have greater access to resources. As fox life history patterns coincide with seasonal variation in ranging behavior (Saunders et al. 1993; White and Harris 1994; Baker et al. 2001; Soulsbury et al. 2011 ) and body condition (Harris 1981a; Saunders et al. 1993; White and Harris 1994; Iossa et al. 2008; Shi 2014) , we also expected foraging effort and efficiency to vary seasonally, with clear gender differences during the dispersal/mating and cub rearing seasons.
We used camera trapping to address our hypotheses. Although GPS and radio-tracking are widely used to study space use in freeliving animals (e.g., White et al. 1996; Lai et al. 2015) , they are invasive, and the sample size is limited by battery life, manpower and trappability (e.g., Baker et al. 2001) . Camera trapping is noninvasive and enables continuous data collection from multiple locations and individuals concurrently, without the need for trapping or direct observations (Kays et al. 2011; Rowcliffe et al. 2014) , so is ideal for monitoring how all members of a social group utilize food patches.
METHODS

Study site and camera locations
The study took place between July 2013 and June 2015 in northwest Bristol, UK, in a 1.5 km 2 area of predominantly 1930s semidetached housing with one of the highest fox densities in the city (Harris 1981b) . We estimated territory boundaries for 7 social groups using radio-tracking (N = 5 foxes), live trapping (N = 75 foxes), and camera trap photos and public sightings. We used data collected within 3 years of the study start date to assume stable territories (White et al. 1996; Baker et al. 2000; Iossa et al. 2009 ). As fox territory boundaries tend to follow roads and other topographical features (Saunders et al. 1993 ), we could produce accurate hand-drawn range estimates (Supplementary Figure S1) .
We studied gardens where foxes were provisioned deliberately and regularly (at least twice a week) by householders (food patches). This allowed us to study the key food patches on each territory, as although urban fox territories contain many potential food sources, provisioned food is the most important. To locate food patches, we delivered a questionnaire to 1706 households; of 738 responses, 80 households (10.8%) fed foxes and 143 (19.4%) other wildlife. Follow-up visits to nonrespondents yielded few new patches, so we assumed that nonrespondents did not provision foxes (Baker et al. 2000) . Of the 80 food patches we identified, 35 were within the target territories, provisioned foxes at least twice a week in a private residential garden and were willing to participate in the study. This provided 4-6 patches per territory (Supplementary Figure S1 ).
Camera trap survey design
We conducted 4 camera trap surveys per territory in 4 consecutive seasons, but not all were studied concurrently due to logistical constraints: see Supplementary Table S1 . Seasons coincided with life history stages: they were spring (March-May; birth, early cub-rearing), summer (June-August; late cub rearing, the onset of juvenile independence), autumn (September-November; onset of dispersal), and winter (December-February; peak dispersal, mating). Season length varied from 90 to 92 days; camera trap surveys lasted 40 consecutive days (~44% of each season) and included a minimum of 4 patches per territory. Pilot studies showed that this would enable us to identify and record multiple patch visits from all foxes resident on a territory (Dorning 2016) . We used one camera trap (ScoutGuard SG565F-8M, Boly Media Communications, Inc., USA) per garden tied to a tree or stake, 40-70 cm above ground overlooking the provisioning area (Supplementary Figure  S2 ). Cameras were active continuously and recorded a burst of 1-3 photos per motion-triggered event. Batteries and memory cards were changed weekly.
Quantifying food availability
Householders were asked to record provisioning time and type and quantity of food provided for foxes each day. This was confirmed visually from camera trap photos and used to quantify provisioning frequency and energy value of provisioned food. Provisioning frequency was the mean number of days per week that foxes were provisioned (provisioning days) and energy value was the mean nutritional value of food supplied on each provisioning day in megajoules (MJ) (Saunders et al. 1993) . Provisioning frequency and energy value were not strongly correlated [r s (4862) = 0.45, P < 0.001] and variance inflation factors were <2 in models that included both terms, permitting their use in the same models (Graham 2003; Field et al. 2012 ).
Identifying individuals
We identified individual foxes from camera trap photos using a combination of fur markings and body shape, and spatiotemporal information such as location and photo timestamps (Dorning 2016) . We identified the foxes in 98.6% of photos and identified 175 individuals aged > 5 months old (101 ♂, 42 ♀, 32 unknown sex). Foxes <5 months old were excluded as they were not fully independent. Of the 175 foxes, 27 had been captured and eartagged previously (Baker et al. 2001 ); 4 of the 27 tagged foxes were also radio-collared. Tags and radio-collars provided additional identifying features.
Gender of unmarked animals was determined from genitalia and/or signs of lactation. Social status was established using body size, breeding status, and behavior during social interactions. Interactions were interpreted from photos containing multiple individuals and occasionally observed directly in situ. The dominant male was the largest dog fox on the territory that most often evoked submissive postures from other foxes; the dominant female was the breeding vixen that most often evoked submissive postures from other foxes (Dorning 2016) . All other foxes were assumed to be subordinates.
Defining patch visits
Photos were managed in Camera Base version 1.6. (http://www. atrium-biodiversity.org/tools/camerabase). We deducted 12 h from each photo timestamp so that nocturnal activity could be analyzed as whole nights: because foxes are primarily nocturnal in urban areas, days started and ended at noon for all analyses. Photos of an individual at a patch were grouped into independent patch visits using an inter-record time interval threshold of 15 min, where photos taken >15 min apart were assumed to represent separate visits. This threshold was chosen by plotting the number of seconds between pairs of consecutive photos of the same individual at the same patch, which revealed a clear break between consecutive photos from the same and different visits (Dorning 2016) . Timestamps of the first and last photo in each visit were used to calculate patch residence time (PRT) in seconds.
Territory residency
We used sighting frequency (number of days seen) and the number of associations (2 foxes visiting the same food patch concurrently, inferred from overlapping visit times) to identify the foxes resident on each territory. During each survey, foxes were considered resident if they 1) visited a patch on the territory on at least 20 of the 40 survey days, a threshold based on distributions of sighting frequencies (Dorning 2016) , and 2) shared at least 2 associations with another territory resident, suggesting they were socially integrated into the resident group. Foxes not fulfilling both criteria were considered nonresidents. Foxes could only be resident in one territory; the 9 individuals fulfilling these criteria in multiple territories were considered resident in the territory with most associations and the highest sighting frequency, and nonresident elsewhere. Unless specified, analyses were conducted on data from territory residents only, as foxes were expected to behave differently outside their territory (Supplementary Table S2 ).
Statistical analyses
We used several measures of foraging behavior to gain a more comprehensive understanding of patch use (Bastille-Rousseau et al. 2010) . We measured general trends in patch selection using the daily number of visitors to patches and the first patch visited by individual foxes each day. We measured individual foraging effort using the number of patches visited per day and daily PRT. We examined competition and foraging efficiency using all these measures, circadian activity patterns, and the identity of the first fox to arrive after provisioning. All analyses were conducted in R version 3.3.0 (R Core Team 2016).
Foraging activity patterns
Visit start times were used to examine activity patterns in each season. We calculated mean visit start times and provisioning times in package "circular" (Agostinelli and Lund 2013) . We used kernel density estimation in package "overlap" (Meredith and Ridout 2016) to calculate probability density functions of activity and the coefficient of overlap (delta-hat-4, which ranges from 0 to 1), between dominant and subordinate visit times, and between fox visits and provisioning times. Confidence intervals were estimated from 5000 bootstrap samples.
Food availability and patch utilization
All statistical models were linear or generalized linear mixed models (LMM or GLMM), fitted by maximum likelihood with package 'lme4' (version 1.1-11) (Bates et al. 2015) . We used random effects to account for repeated measures, as multiple visits were recorded for the same individuals, patches, territories, and seasons. Depending on the model, random effects were included for: territory, to account for variation in territory size, patch distribution and social structure; season, to account for seasonal life history patterns; patch, to account for variation in provisioning habits and unmeasured factors such as cover, size, and disturbance; individual, to account for variation in ranging behavior or other unmeasured factors; and an individual-by-patch interaction, to account for individual variation in the effect of patch, for example, due to site fidelity (Wakefield et al. 2015) or perceived risk (Dammhahn and Almeling 2012; Mella et al. 2015) . Model structures are summarized in Table 1 .
We checked residuals for homogeneity of variance and overdispersion using simulations in package "DHARMa" (Hartig 2017 ). We used package "influence.ME" (version 0.9-6) (Nieuwenhuis et al. 2012) to confirm that no patch had an unusually high influence on the regression estimates. We identified the minimal significant model using stepwise model simplification, comparing model deviance with and without each fixed effect using likelihood ratio tests until only significant terms remained. Reported chi-squared values for fixed effects were obtained by comparing the deviance of each final minimal model with and without the term. We used package "lsmeans" (version 2.23) (Lenth 2016) for post hoc tests and model predictions.
We first tested whether food availability at patches varied between seasons (Table 1 , models a and b) and whether patches with higher food availability attracted more foxes, both residents and nonresidents (Table 1 , model c). We then investigated whether foxes visited a greater proportion of patches on their territory if they were dominant or female and whether this was influenced by season (Table 1, 
model d).
On each day a fox was observed, we used a binary score to indicate whether or not it visited a particular patch first, to test whether foxes were more likely to visit patches with higher food availability first, and whether this depended on gender and/or social status (Table 1 , model e). To control for between-territory differences, we ranked patches by their energy value within territories, where zero was the highest and included in the intercept, one was the second highest and so on. We used these ranks as the fixed effect.
We tested whether seasonal PRT reflected gender differences in seasonal energetic demands and whether PRT in patches with higher food availability varied with gender and social status (Table 1 , model f). We also included a fixed effect for provisioning day (yes/no), as we expected PRT to be higher on provisioning days due to food handling time.
On each provisioning day (N = 3640), we used binary scores to denote whether the first fox to arrive was dominant or subordinate and male or female. We excluded days when the first fox photo after provisioning contained more than one individual (N = 340) and when the first visitor was nonresident (N = 197). When householders put food out several times per day, we only used the first provisioning time after 12:00 GMT (the "start" of each day) to avoid oversampling. We used exact binomial tests to examine whether first visitors were more often dominant or female and a GLMM to test the effect of gender and food availability on the probability that the first visitor was dominant (Table 1 , model g).
Ethical statement
Animal capture and handling procedures followed Sikes et al. (2016) , were approved by the University of Bristol Ethics Committee (UB/14/015) and carried out under the Animals (Scientific Procedures) Act 1986.
RESULTS
We recorded 38 520 patch visits by 175 foxes, of which 34 476 (89.5%) were by territory residents (N = were excluded from all analyses except model c (Table 2) . Thirtyfive foxes were recorded both in their own territories as residents and in other territories as nonresidents. Terms shortened for clarity are: prov. freq. = provisioning frequency, that is, mean days provisioned per week; (G)LMM = (generalized) linear mixed model; PRT = patch residence time in seconds; energy value = mean energy value of food supplied per provisioning day, in megajoules; energy value rank = withinterritory rank of patch based on energy value. over a longer time span in autumn and winter than spring and summer. There was substantial overlap between visit times of dominants and subordinates in all seasons (coefficients of overlap: 0.89-0.94, Figure 1 ). This reflected patterns within individual patches; overlap in 4 patches selected at random and tested individually was ≥0.70. Coefficients are reported on the response scale for (a), the log 10 scale for (b) and (e), the log scale for (c), (d) and (f) and the probit scale for (g). Coefficients are presented for fixed effects included in the minimal significant model, indicated by tick marks. P-values from likelihood ratio tests are reported for each fixed effect, with significant values in bold; P-values for main effects are not reported for terms also included in significant interactions. All random effects included in the minimal model are shown. In Gaussian and lognormal models, residual variance was used to calculate the proportion of total variance explained by each random effect. Terms shortened for clarity are: prov. freq. = mean days provisioned per week; SU = summer, AU = autumn, WI = winter; energy value = mean energy value of food supplied per provisioning day, in megajoules; sub = subordinate; M = male; PRT = patch residence time in seconds; energy value rank = within-territory rank of patch based on energy value, where 0 is the highest and included in the intercept, 1 is the second highest etc. Reference categories were season = spring, gender = female, social status = dominant.
Foraging activity patterns
Food availability
day (MAD = 0.882; mean = 1.301, SD = 1.090) (Supplementary Figure S4a) . So an average patch in our study provided around half an adult fox's daily energy requirement of 2 MJ (Saunders et al. 1993 ) on 5-6 days per week. There was no significant seasonal variation in provisioning frequency (LMM: χ 3 2 = 4.849, Table 2 , model a), despite the lower median in autumn (Supplementary Figure S4b) . The energy value of provisioned food varied seasonally (log 10 LMM: χ 3 2 = 8.637, P = 0.035, Table 2 , model b); householders provided the greatest energy value per provisioning day in spring (median = 1.148 MJ, MAD = 0.525) and the lowest in autumn (median = 0.818 MJ, MAD = 0.468) (Tukey contrast: SP-AU t-ratio = 2.709, P = 0.039, Supplementary Figure  S4c) . Differences between patches explained >80% of the total variance in food availability in both models (Table 2 , model a and b), suggesting that provisioning varied greatly between households (Supplementary Figure S4) .
Patch utilization
Visitation rate During each 40-day survey, patches were visited by 2 to 32 different foxes (mean = 8.0, SD = 3.9). Patches were visited by the largest number of foxes in winter (mean = 11.0, SD = 3.2) and the fewest in summer (mean 5.5, SD = 2.3). Although all patches were visited by both dominant and subordinates on most days, 2 patches (in Territory 1) were only visited by subordinates in spring. On average, each patch was visited by 3.7 foxes per day (SD = 1.3; mean range between patches 1.1-7.5). The daily number of visitors increased with provisioning frequency (GLMM: χ 1 2 = 25.484, P < 0.001, Table 2 , model c, Supplementary Figure  S5 ) but was not influenced by energy value ( χ 1 2 = 2.344, P = 0.126, Table 2 , model c).
Number of patches visited
The number of patches foxes visited on their territory varied between seasons depending on gender (GLMM: χ 3 2 = 10.188, P = 0.017, Table 2 , model d, Figure 2 ). Females visited most patches in summer (Tukey contrasts: SU-SP z-ratio = 2.933, P = 0.043; SU-AU z-ratio = 3.635, P = 0.004; SU-WI z-ratio = 2.846, P = 0.056), with no significant differences between spring, autumn, and winter. Males visited fewest patches in winter (Tukey contrasts: WI-SU z-ratio = 3.331, P = 0.012; WI-AU z-ratio = 3.351, P = 0.011), with no significant differences between spring, summer, and autumn. There were no significant gender differences in any season. Dominant foxes visited more patches on their territory than subordinates year round ( χ 1 2 = 4.024, P = 0.045, Table 2 , model d, Figure 2 ).
Which patch do foxes visit first?
Foxes visited patches with higher provisioning frequencies first: this effect was particularly strong for females (GLMM: χ 1 2 = 7.110, Table 2 , model e, Figure 3a ) but did not vary with social status ( χ 1 2 = 0.289, P = 0.591). Foxes also visited patches that supplied food of higher energy value first ( χ 1 2 = 22.489, P < 0.001, Table 2 , model e, Figure 3b) , regardless of gender ( χ 1 2 = 2.203, P = 0.138) or social status ( χ 1 2 = 0.606, P = 0.436).
Patch residence time
PRT for resident foxes was around 5 min per day (median = 282 s, MAD = 273). Foxes spent significantly longer in patches on provisioning than nonprovisioning days (log 10 LMM: χ 1 2 = 1043.800, P < 0.001, Table 2, model f, Figure 4a ). The interaction between gender and season had a significant effect on daily PRT ( χ 3 2 = 63.081, P < 0.001, Table 2 , model f, Figure 4b ). In spring, females had higher PRTs than males (Tukey contrasts: 12:00 18:00 0:00 6:00 12:00 12:00 18:00 0:00 6:00 12:00
Figure 1
Daily activity patterns of dominant and subordinate foxes, based on patch visit start times. The lines show kernel density estimates and shaded areas represent the coefficient of overlap (delta-hat-4) between dominants and subordinates. The coefficient of overlap is shown above each plot with 95% confidence intervals calculated from 5000 bootstrap samples.
z-ratio = 3.169, P = 0.024) and spent more time in patches in spring than any other season (Tukey contrasts: SP-SU z-ratio = 6.800, P < 0.001; SP-AU z-ratio = 6.766, P < 0.001; SP-WI z-ratio = 7.508, P < 0.001). In winter, males had lower PRTs than females (Tukey contrasts: z-ratio = 2.945, P = 0.050), and spent significantly less time in patches compared with all other seasons (Tukey contrasts: WI-SP z-ratio = 6.032, P < 0.001; WI-SU z-ratio = 5.405, P < 0.001; WI-AU z-ratio = 8.862, P < 0.001).
Foxes spent more time in patches that supplied food of higher energy value ( χ 1 2 = 27.381, P = 0.001, Table 2, model f, Figure 4c ) and this did not vary with social status ( χ 1 2 = 3.640, P = 0.056).
However, the effect of provisioning frequency on PRT varied with social status ( χ 1 2 = 6.171, P = 0.013, Table 2 , model f, Figure 4d ). PRT declined with provisioning frequency for subordinates (ls trend = −0.041, 95% CI = −0.092 to −0.009) and increased for dominants (ls trend = 0.046, 95% CI = −0.011 to 0.103), though neither slope was significantly different from zero. Subordinates spent significantly more time than dominants in patches where provisioning frequency was low (Tukey contrast dominants vs. subordinates when fed 1 day per week: z-ratio = −2.09, P = 0.037), while there was a weak trend for dominants to spend more time in patches where provisioning frequency exceeded 4 days per week (Tukey contrast dominants vs subordinates when fed 7 days per week: z-ratio = 1.22, P = 0.222).
In the LMM, 25% of the variance in PRT was attributable to variation between individuals at different patches (Table 2 , model f), suggesting that different individuals used patches with different intensities. However, most variation in PRT (64%) The proportion of patches that male and female dominants and subordinates visited on their territories each day. Predictions are based on the GLMM in Table 2 , model d. Error bars show 95% confidence intervals. Figure 3 The influence of (a) the interaction between gender and weekly provisioning frequency and (b) mean energy value of provisioned food in megajoules, MJ (patches were ranked within territories; patches scored 0 supplied the highest energy value, patches scored 1 suppled the second highest, etc.) on the probability that a fox will visit a patch first each day. Predicted means were generated from the GLMM in Table 2 , model e. 95% confidence intervals are shown by shaded ribbons in (a) and error bars in (b).
was within individuals or within patches. This may be due to higher PRTs due to food handling soon after provisioning compared with other times of day, or higher PRTs for individuals that waited in gardens to be fed, or a variety of other possible factors.
Who is the first visitor?
The first visitor after provisioning time was significantly more likely to be dominant than subordinate (exact binomial test: probability the first visitor was dominant = 0.586, 95% CI = 0.569-0.604, P < 0.001, N(dominant:subordinate) = 1819:1284 days, 14:28 individuals) and to be female than male (exact binomial test: probability the first visitor was female = 0.711, 95% CI = 0.695-0.727, P < 0.001, N(F:M) = 2206:897 days, 23:19 individuals). Male first visitors were more likely to be dominant than female first visitors (GLMM: χ 1 2 = 16.641, P < 0.001, Table 2 , model g, Figure 5 ) and the probability the first visitor was dominant increased with provisioning frequency ( χ 1 2 = 7.077, P = 0.008) but not energy value ( χ 1 2 = 1.207, P = 0.272).
DISCUSSION
Our study is the most detailed examination of food patch use in a free-living carnivore and one of the few camera-trapping studies to investigate individual behavior (Zimmermann et al. 2016) . Social status influenced how foxes exploit local resources; dominants improved foraging efficiency, whereas subordinates reduced conflict and adopted risky compensatory strategies such as extraterritorial foraging. Female foxes were more efficient foragers than males, and seasonal variation in foraging effort reflected gender differences in resource prioritization.
Householder provisioning
Foxes synchronize their activity with their main prey (Cavallini and Lovari 1994; Lovari et al. 1994) , and because anthropogenic food forms the majority of the diet of urban foxes (Harris 1981a; Saunders et al. 1993; Contesse et al. 2004) , coinciding visit times with provisioning may improve foraging efficiency in urban areas. However, whether foxes visited patches to coincide with provisioning or householders provisioned to coincide with fox activity is unclear.
As predicted, foxes increased foraging efficiency by visiting more predictable patches and/or those with food of higher energy value first. Targeting the best patch first during each foraging bout may reduce energy expenditure by minimizing the number of patches visited and help beat competitors (MacArthur and Pianka 1966; Charnov 1976; Devenport et al. 2005; Deygout et al. 2010) . More visitors and longer PRTs at patches where householders provisioned more often may explain the perception that human provisioning increases fox numbers. However, provisioning was not related to group size: while groups were smallest in spring and summer and largest in autumn and winter (Dorning 2016) , there was no seasonal variation in provisioning frequency and provisioned energy value peaked in spring and was lowest in autumn. Foxes are flexible foragers exploiting a wide range of food types (Kidawa and Kowalczyk 2011; Bakaloudis et al. 2015) , so are unlikely to be limited by householder provisioning. However, we recorded a high rate of patch use by non-residents (10.5% of all patch visits), which may explain why previous attempts to link group size in Bristol foxes to territorial resources were only partially successful (Baker et al. 2000 (Baker et al. , 2004a . Foxes and other carnivores share high-quality patches with neighbors ( The influence of (a) provisioning day, (b) the interaction between gender and season, (c) the mean energy value (in megajoules, MJ) supplied per provisioning day and (d) the interaction between social status and weekly provisioning frequency on daily PRT. Predicted means and 95% confidence intervals, shown as error bars, were generated from the GLMM in Table 2 , model f.
invalidate theories relating group size to territorial resources (Hofer and East 1993) .
Effects of life history and gender
Females were more efficient foragers than males. Despite visiting the same number of patches on their territory as males, females were more likely to target predictable patches, were more often the first visitor, and had higher PRTs than males in winter and spring. Females also foraged according to their energy requirements; PRTs were highest in spring, which was when householders supplied the greatest energy value, they visited the largest number of patches in summer, and travel further in spring and summer (Saunders et al. 1993) . Increasing foraging effort during cub rearing may help females meet the energetic demands of breeding (Harris 1981a; Gittleman and Thompson 1988) . We identified more than twice as many males than females (101 ♂ vs. 42 ♀), mainly due to nonresident males making extraterritorial movements in winter in search of mating and/or dispersal opportunities (Woollard and Harris 1990; Soulsbury et al. 2011) . Resident males also visited fewer patches on their territory in winter, had lower PRTs, and did not meet their energetic requirements: male foxes have lower fat reserves in late winter (Harris 1981a ) and lose weight between winter and spring (Saunders et al. 1993 ).
Competition at food patches
Foxes did not have exclusive food patches (cf. Poulle et al. 1994) . The highest number of visitors (32) was to a patch near the boundary between 3 territories, following the death of the resident dominant male; many visitors were nonresidents, highlighting the role of the dominant male in territorial defense (Gese and Ruff 1997; Arnold et al. 2011) .
Although it has been argued that dominant and subordinate foxes forage in separate patches (Macdonald 1980) , no patch was visited exclusively by dominants, and 2 were only visited by subordinates, although dominants visited more patches on their territory than subordinates. The considerable overlap between dominant and subordinate visit times shows that foxes did not avoid competition by temporal separation, unlike other species (Bethge et al. 2009; Heurich et al. 2014) . It is unlikely that resources were insufficiently clumped to defend (Gyimesi et al. 2010) . However, because ~10% of households in our study area provisioned foxes, food availability may have been high enough to permit patch sharing (Stears et al. 2014 ); this may have been facilitated by the high level of relatedness within groups (West et al. 2002; Iossa et al. 2009 ) and familiarity from repeated encounters (Sillero-Zubiri and Gottelli 1995; Utne-Palm and Hart 2000).
However, subtle behavioral differences suggest competition. Dominants improved their foraging efficiency by spending more time in patches where food was more predictable, although the trend was weak. Because we often observed foxes waiting to be fed, higher PRTs could indicate that foxes waited longer to be fed in more reliable patches. Conversely, subordinates appeared to avoid more predictable patches, thereby avoiding dominants ; less predictable patches are more difficult and/or less profitable for dominants to defend (Goldberg et al. 2001; Revilla and Palomares 2001) . This suggests dominants and subordinates use information about the same resources differently (Carter et al. 2016 ). Because we only studied patches where foxes were provisioned at least twice per week, we may have under-estimated the number of less predictable patches only visited by subordinates. Many nonresidents were subordinates, suggesting they compensate for intra-group competition by visiting patches in other territories: subordinates take more risks when foraging (Koivula et al. 1994; Shi 2014 ) and extraterritorial movements are stressful as intruders risk agonistic encounters with residents (Young and Monfort 2009 ).
As we predicted, dominant foxes were more often the first to arrive after provisioning, particularly at more predictable patches (Deutsch and Lee 1991; Duriez et al. 2012) , whereas subordinates visited later (Gilbert-Norton et al. 2013; Carter et al. 2016) . Conflict avoidance by subordinates has a greater influence on access to food than aggressive interactions (Thouless 1990) , and Figure 5 The influence of gender and provisioning frequency on the probability that the first patch visitor after provisioning time is dominant rather than subordinate. Predicted probabilities were generated from the GLMM in Table 2 , model g. Error bars show 95% confidence intervals.
plays a greater role in maintaining stable dominance relationships (Kaufmann 1983) . Male first visitors were more likely to be dominant than females, largely because subordinate males were rarely (≤9% of provisioning days) the first visitor. There was little difference between dominant and subordinate females in the probability of visiting first.
In conclusion, our data confirm that human provisioning in urban areas attracts more foxes for longer, and demonstrate how dominance, gender, and season influence the behavior of urban foxes. This behavioral flexibility facilitates coexistence between foxes living at high population densities and provides some insight into the worldwide success of the species.
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